The purpose of this study was to assess whether workplace bullying mediates between job strain, evaluated by the job demand-control model, and symptoms of depression and sleep disturbance. Methods: The subjects in this cross-sectional study were recruited from all the workers (N=2,634) at 50 organizations in Japan. Due to missing data, the numbers of subjects included in the analyses varied from 1,646 to 2,062 (response rates varied from 62.5% to 78.2%). Job strain and workplace social support, workplace bullying, depression, and sleep disturbance were assessed using the Japanese versions of the Job C o n t e n t Q u e s t i o n n a i r e , t h e N e g a t i v e A c t s Questionnaire, the Center for Epidemiologic Studies Depression Scale, and the Pittsburgh Sleep Quality Index, respectively. Mediation analysis followed the approach outlined by Baron and Kenny. We quantitatively estimated the mediation effects and tested their significance after adjustment for various combinations of demographic variables and workplace social support. Results: Total effects of job strain index on depression or sleep disturbance were all positive and significant (p<0.05) in both genders. Mediation effects of workplace bullying were also all positive and significant (p<0.05) in both genders. Even after adjustment for workplace social support, the mediation effects were decreased, especially in women, but remained significant (p<0.05). Conclusions: Workplace bullying seems to play important roles in the relationships of job strain with depression or sleep disturbance in both genders. (J Occup Health 2010; 52: 367-374) 
The job demand-control (JDC) model developed by Karasek 1) has been used in the assessment of job stress. In the model, employees who face high demands and have little control over their job are hypothesized to be at greater risk of becoming ill 1) . There are well-established relationships of high job demand, low job control, or high job strain evaluated by the JDC model with depression [1] [2] [3] [4] [5] and poor sleep quality [6] [7] [8] [9] [10] . However, their mechanisms still remain theoretical speculation. Some studies have assumed that job strain directly causes depression or sleep disturbance 1, 2, 4, 5, 8) . A recent meta-analytic review of psychosocial work environment and mental health suggested that low self-esteem and declining mastery are mediating factors between poor work conditions and psychological distress, as they mediate between life events and depression 3) . However, self-esteem and mastery are abstract concepts and how to intervene them seems unclear. If the mechanisms were explained concretely, measures could be taken to prevent depression and sleep disorders among those who face high demands and have little control over their job.
A stressful work environment often causes worsened interpersonal relationships, leading to workplace bullying 11) . In the healthcare setting, factors that increase the risk of hostile behaviors include stress 12) . The perioperative setting fosters bullying behavior because of its inherent stress including work demands 13) . Matthiesen and Einarsen reported that even the perpetrators of bullying, as well as targets and provocative victims of bullying, showed elevated levels of role stress in the form of unclear or conflicting demands and expectations regarding work tasks and daily work 14) . On the other hand, workplace bullying has been suggested to cause symptoms of depression [15] [16] [17] [18] [19] [20] [21] or suicide ideation 22) and sleep disturbance 23) . Therefore, we hypothesized that workplace bullying mediates the wellestablished relationships between job strain evaluated by the JDC model and symptoms of depression and sleep disturbance. In this study, we quantitatively estimated the mediation effect and tested its significance.
Methods

Participants
The subjects of this study were recruited from all the workers (N=2,634) at 50 organizations comprising manufacturing factories and health-care or welfare institutions in Japan. The organizations were selected out of convenience. The questionnaires were mailed to the organizations and were distributed to the workers. The purpose and procedure of the survey were explained to the participants in documents accompanying the questionnaires. Written informed consent was obtained from all participants, who were not compensated for their participation. A total of 2,500 questionnaires were returned sealed in envelopes, providing a temporal response rate of 94.9%. Listwise deletion was used in each mediation analysis. Due to missing data, the total numbers of men and women included in each analysis varied from 1,646 to 2,062 (final response rates varied from 62.5% to 78.2%). This study was approved by the ethics committee of Okayama Prefectural University.
Measures
Participants completed a self-administered questionnaire including background information such as measures of age, gender, occupational status, annual household income, current smoking, alcohol consumption, and measures of job strain, workplace social support, workplace bullying, depression, and sleep quality.
Job strain and workplace social support were measured using the Japanese version of the job content questionnaire (JCQ) 1, 24, 25) . The parameter of job demand was conceptualized as stressors present in the work environment, and job control was measured by two theoretically distinct subdimensions of decision latitude, namely skill discretion and decision authority. The combination of high demand and low control is considered to be job strain. The job strain index, which is calculated as job demand divided by job control, was used as an indicator of job strain; higher scores indicate greater strain 25) . Workplace social support was calculated as the total of coworker support and supervisor support 24, 25) . The internal consistency and factor-and construct-validity of the scale have been confirmed to be excellent among the Japanese population 24) . Workplace bullying was assessed using the Japanese version of the Negative Acts Questionnaire (NAQ) 26, 27) . The NAQ is a self-administered questionnaire originally developed by Einarsen and Raknes and measures exposure to specific negative acts which are typical of bullying 26) . It contains 22 items that refer to both direct and indirect behaviors but do not require respondents to label themselves as targets of bullying (e.g., "Someone withholding necessary information so that your work gets complicated," "Social exclusion from co-workers or work group activities"). Respondents indicate on a five-point scale (1=never, 2=now and then, 3=monthly, 4=weekly, and 5=daily) whether they have experienced the designated negative acts in the context of their job 26) . The Japanese version of the NAQ has been developed using a back-translation method 27) . The sum of the answers for the 22 items has been confirmed to have acceptable levels of internal consistency reliability and construct validity among the Japanese population 27) . Higher scores indicate greater bullying 26, 27) . Recently, a revised version of the NAQ has also been introduced and is now recommended by Einarsen 28) . Its Japanese version has also been developed and its reliability and validity have been confirmed 29) . Depression was assessed using the Center for Epidemiologic Studies Depression Scale (CES-D), which is a self-administered questionnaire originally developed by Radloff 30) that has been widely used for clinical and epidemiological research. The Japanese version of the CES-D was used for the present study. Its reliability and validity have been confirmed to be excellent among the Japanese population 31) . Higher scores indicate deeper depressive mood 30, 31) . Sleep disturbance was assessed with the Pittsburgh Sleep Quality Index (PSQI), which is a self-administered questionnaire originally developed by Buysse and colleagues 32) that has been widely used for clinical and epidemiological research. The Japanese version of the PSQI was used in the present study 33, 34) . The PSQI assesses sleep quantitatively and qualitatively during the previous month and generates seven components (with scores of 0-3): sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. The sum of these seven component scores produces one global score for subjective sleep quality [32] [33] [34] . Its reliability and validity have been confirmed to be excellent among the Japanese population 33) . Higher scores indicate poorer sleep quality [32] [33] [34] .
Data analyses
For gender differences, continuous variables were compared by the unpaired t-test and categorical variables were compared by the chi-square test. The mediation analysis of this study follows the approach outlined by Baron and Kenny 35) . A path model in Fig. 1A shows total effect and the other model in Fig. 1B shows mediation effect. To establish mediation, the following conditions must hold: Paths a, b, and c are significant and path c is significantly reduced to path c' (i.e., c-c' is significant) 35) . If the total and mediation effects are assessed using the same sample, c-c' is equal to ab 36, 37) . Thus, the significance of c-c' can be assessed by testing the significance of ab 36, 37) . In each regression analysis, the job strain index was included as an independent variable; depression or sleep disturbance was included as a dependent variable; and workplace bullying was used as a mediator variable. Total and direct effects (c and c' coefficients) and a and b coefficients were evaluated using standardized regression coefficients in the respective regression models. Mediation effects (c-c'=ab) and their 95% confidence intervals (CIs) were calculated according to MacKinnon et al. 37, 38) using regression coefficients corresponding to the a and b coefficients and their standard errors. If the 95% CI of the mediation effect does not include zero, the proposed mediator (i.e., workplace bullying) significantly mediated between job strain index and symptoms of depression or sleep disturbance 36, 37) . We included various covariates in the analyses. We also included workplace social support as an additional covariate, not as a mediator, in the analyses because it is not assumed to result from job strain 25) and because the potentially preventable fraction of mediation effects of workplace bullying by workplace social support might be assessed. Because of possible gender differences, we analyzed the data for men and women separately. SPSS 11.0J (SPSS Tokyo, Japan) was used for the statistical analyses.
Results
Participant characteristics according to gender are shown in Table 1 . Age, job demand, job control, job strain index, depression, poor sleep quality, occupational status, household income, alcohol consumption, and tobacco use were significantly (p<0.05) different between men and women. The answers for the NAQ in this study are shown in Table 2 . Of those who answered all the items of the NAQ, 81.2% reported having experienced at least one of the behaviors measured by the NAQ during the previous six months.
Results of mediation analyses with various covariates are shown in Table 3 . Total effects (c coefficients) of job strain index on depression or sleep disturbance were all positive and significant (p<0.05) in both genders (Table  3) . Direct effects (c' coefficients) were significant (p<0.05) except for two of those on sleep disturbance among men (Table 3 ). All the effects of job strain index on workplace bullying (a coefficients) and all the effects of workplace bullying on depression or sleep disturbance (b coefficients) were positive and significant (p<0.05) in both genders (data not shown). All the mediation effects of workplace bullying (c-c'=ab) were positive and significant (p<0.05) in both genders (Table 3) . Even after adjustment for workplace social support, mediation effects were decreased, especially in women, but remained significant (p<0.05) ( Table 3) . 
Discussion
In this study, total effects of job strain evaluated by the JDC model on symptoms of depression or sleep disturbance were significant in both genders. These results are consistent with previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Previous studies have suggested that stressful work environments can cause worsened interpersonal relationships, leading to hostile or bullying behaviors [11] [12] [13] [14] , and our results also indicate that job strain evaluated by the JDC model was associated with workplace bullying in both genders (i.e., a coefficients were significant). Workplace bullying was associated with symptoms of depression and sleep disturbance in previous studies [15] [16] [17] [18] [19] [20] [21] [22] [23] and in the present study (i.e., b coefficients were significant). We quantitatively estimated the mediation effects of workplace bullying and found it significant in both genders. Thus, workplace bullying mediated between job strain evaluated by the JDC model and symptoms of depression and sleep disturbance in both genders. We are not aware of any previous research showing the mechanisms with quantitative estimations. As for the relationship between workplace bullying and symptoms of depression, negative affectivity was suggested to be the mechanism 16) . Regarding the relationship between workplace bullying and sleep disturbance, hyper-arousal due to fight/flight reaction to bullying and subsequent over-activation of the noradrenergic system or post traumatic stress disorder might be the mechanism 16, 39) . It seems that the additional adjustment for social support constitutes over-adjustment because workplace social support can protect people from some of the harmful effects of bullying 20) ; alternatively, low workplace social support might be one of the causes of workplace bullying. When adjusted for workplace social support, mediation effects of workplace bullying decreased especially among women in this study. The decrease might indicate the potentially preventable fraction of mediation effects of workplace bullying by workplace social support.
The NAQ item 4 "Ordered to do work below your level of competence" and item 5 "Being deprived of responsibility or work tasks" may be interpreted as reduction of job demand or job strain, but actually the answers for the NAQ items were significantly (p<0.001) and positively correlated with the JCQ job demand score in both Pearson and Spearman correlations in this study (data not shown). The JCQ job demand score consists of the JCQ item 10 "My job requires working very fast", item 11 "My job requires working very hard", item 12 "I am not asked to do an excessive amount of work", item 13 "I have enough time to get the job done", and item 14 "I am free from conflicting demands that others make". Each answer for NAQ item 4 or 5 positively correlated with the answer to JCQ item 10 and negatively with the answer to JCQ items 12, 13, and 14 in both Pearson and Spearman correlations (all p<0.001). The answers to NAQ items 4 and 5 did not significantly (p>0.05) correlate with those to JCQ item 11. Workers who were ordered to do work below their level of competence or who were deprived of responsibility or work tasks seemed to be in high demand situations with excessive amounts of work and conflicting demands that others made. Most of the direct effects of job strain on depression and those on sleep disturbance were significant in this study. The direct effects were considered to include true direct effects and mediation effects of factors other than workplace bullying evaluated using the NAQ (e.g., low self-esteem, declining mastery) 3) . As for the direct effects of job strain on sleep disturbance, Utsugi et al. suggested that hypothalamic-pituitary-adrenal axis activation may mediate the effects 6) . The strengths of this study were that we used a relatively large sample size of workers to produce reliable results and analyzed the data for men and women separately to avoid potential confounding caused by gender. Also, reliable and valid instruments were used to measure variables of exposure, mediator and outcome. The analyses included various covariates to avoid further potential confounding. The NAQ measures exposure to only 22 specific negative acts typical of bullying 26, 27) , and inclusion of other specific bullying behaviors (e.g., "Being given tasks with unreasonable or impossible targets or deadlines" 28, 29) ) in the measurement may have led to stronger mediation effects than those found in this study.
We must also note several limitations. First, we need to be cautious in interpreting the causality in our results because this study used a cross-sectional design. Second, because this study used convenience sampling, the results may not be applicable to the entire workforce in Japan. However, because we investigated 50 organizations and obtained response rates of 62.5-78.2%, some generalizability is expected. Third, the observed variables were self-reported and more objective measurements are needed in future studies. Nevertheless, the presence of measurement error in the mediator tends to produce underestimation of the effect of the mediator on the dependent variable when all coefficients are positive 35) . The results of the present study suggest that the associations of job strain with depression and sleep disturbance are mediated by workplace bullying. This means that in order to prevent depression or sleep disorders among those experiencing a stressful work environment with high demand and low control, prevention of workplace bullying must be given high attention. Prevention may include enhancing workplace social support because workplace social support was negatively associated with workplace bullying 16, 27) , support at work could protect people from some of the harmful effects of bullying 20) , and mediation effects of workplace bullying were decreased after adjusting for workplace social support in this study. On the other hand, as the mediation effects remained significant after adjusting for workplace social support, other measures such as the introduction of occupational conventions against bullying, looking actively for workplace bullying, and taking measures to deal with it through a mediation committee or by top executives with aspects of criminal, civil, social, industrial or occupational law may be necessary 40) .
